Abstract. In this study, both a questionnaire survey and a functional assessment were performed. The results were examined to clarify factors which might influence clinical symptoms in patients with surgical repairs following complete rotator cuff tear. In addition, evidence on which to base postoperative activities of daily living and rehabilitation was elucidated. The percentage of patients with satisfactory postoperative outcomes was 82.3%, and that of those with unsatisfactory outcomes was 17.7%, which shows that the function of, and pain in the shoulder improved in most cases after the surgical repairs. There were significant differences in activities of daily living and mobility depending on time from the surgery, presence of pain, and presence of activity limitation. The majority of the satisfactory group had returned to their original jobs, but many males in the unsatisfactory group could not do any work due to activity limitation, and many females in the unsatisfactory group were doing household work complaining of pain and activity limitation. In addition, muscular weakness and persistence of mild limitation in the range of motion were seen on the operated side. These results indicate that a long-term approach to improve the muscle strength and the range of motion as well as pain management and improvement of activity levels, especially for women doing housework, are necessary to improve the lifestyles of patients who have undergone the surgical repair of rotator cuff tear.
INTRODUCTION
The human shoulder enables better function of the hand, but the stabilizing mechanism is complex and easily fails. The rotator cuff is composed of the muscles (supraspinatus, infraspinatus, teres minor, and subscapularis), articular capsule and glenohumeral ligament, and contributes to the stabilization of the movement of the glenohumeral joint 1) . Rotator cuff tear is often seen in elderly and middle-aged people. This injury causes pain and dysfunction in the shoulder, but at present there is no consensus on its causes other than apparent injury. 2) The shoulder is the joint that is used most frequently in the body, and every time it moves, it is subjected to longitudinal tensile force, which may affect the living tissues.
The clinical symptoms of rotator cuff tear are not necessarily identical, and depend on several factors including the extent of the rotator cuff tear 3) , time course 4) , age [5] [6] [7] [8] , and social activity 9) . Subjective symptoms include night pain, pain on motion, muscular weakness, and limitation of active armelevation due to catching. Objective symptoms include atrophy of supraspinatus and infraspinatus muscles, disturbance of scapulohumeral rhythm, and contracture. Factors influencing these symptoms may include the extent of the injury (magnitude and direction of the force, and position at the time of injury), flexibility of the joint, muscle strength (age and sex), state of the repair and the recovery of muscle strength (immobilization period and rehabilitation), and whether the patient performs sports or works that are likely to force abnormal positions. Regarding such factors, Cofield et al. 5) reported age and low activity, but Vastamaki et al. 6) , Essman et al. 7) , and Bartolozzi et al. 8) ruled out age. Motycka et al. 9) reported that postoperative range of motion contributes to the symptoms, while Bartolozzi et al. 8) denied the relation with the postoperative mobility. Gazielly et al. 10) stated that lifestyle influences postoperative outcome, but they did not investigate the influence of lifestyle in detail.
The objectives of the surgical treatment of rotator cuff tear are to repair the tear, to remove blocking factors under the coracoacromial arch, and to improve the impairments. In order to stabilize the directions of tendons and muscles reconstructed after complete rotator cuff tear, and to stabilize the humeral torsion angle, the shoulder may be fixed in the zero position after the operation. This position can stabilize the angle of arm elevation, and improve the range of motion with the weight of the limb during the postoperative rehabilitation period, however it may cause long-term problems including stress to the suture as well as inconvenience and pain in self-care activities such as tying knots.
Based on this background, this study was conducted among subjects who had experienced surgical repairs of rotator cuff tear, especially focusing on cases of complete rotator cuff tear requiring invasive surgical repair, in order to find factors that may influence various clinical symptoms after the surgery, and to obtain evidence on which to base postoperative activities of daily living and rehabilitation. In this study, a follow up study was performed by using a questionnaire survey and a functional assessment of shoulder motor function (pain, activity level, subjective satisfaction level of the patient, range of motion, muscle strength, etc.) in patients who had received surgical repair of the rotator cuff more than a half year before, and the results were examined.
METHODS
The subjects were 162 patients who had received invasive surgical repairs of rotator cuff tear from 6 months to 10 years before, and were considered to have returned to their daily lives and/or work. The subjects of this study were diagnosed as complete rotator cuff tear, and had received surgery (McLaughlin procedure). In this procedure, a bone groove is formed under looking directly, and the rotator cuff is sewn onto that location.
We mailed questionnaires to the subjects of the investigation and asked them to fill it in and return it. We also directly interviewed some of the subjects to assess their conditions. Subjects' consent to participation in the investigation was obtained through the questionnaire. In face-to-face interviews, the subjects were informed of the purposes of this study, and were assured that the information would not be disclosed to any third party, before they agreed to be interviewed. The questionnaire survey used the questionnaires with established validity and reliability developed by L'Insalata et al. 11) , Budoff et al. 12) , and Constant et al. 13 ) . The questionnaire asked activity level, state of pain, activities of daily living, type of job or work, mobility of the joint, and satisfaction level with multiple choice responses, and asked qualitative parameters, such as pain and level of function by using visual analog scales (VAS). Interviews were conducted with patients who answered in the questionnaire survey that their satisfaction levels were unsatisfactory or uncertain. In the interview, a hand-held dynamometer (HHD) (Power Track II, J tech Medical) that can quantitatively and easily measure the muscle strength was used to assess shoulder muscle strength. The measurement with HHD was performed by having subjects keep isometric maximum muscular strength for about 2 seconds from the start of the measurement twice, and repeating this procedure 5 times alternately for the right and left shoulders. During the evaluation of the muscle strength, the body, joint, and apparatus were positioned in accordance with the standard position proposed by Bohannon 14) to eliminate the effect of gravity. A passive range-of-motion test of the shoulder on the operated side was also performed.
In the data analysis, the subjects were assigned to 2 groups based on sex, age, time from the injury, presence of pain, and presence of activity limitation. Satisfaction levels were compared after classification into a satisfactory group, in which subjects were very satisfied or satisfied with postoperative outcomes, or an unsatisfactory group, in which subjects were uncertain about, or dissatisfied with the outcome. Relations with the results of the questionnaire survey were analyzed with the Mann-Whitney test, and relations with qualitative variables such as VAS were analyzed with the t-test, with a chosen significance level of 5%.
RESULTS
In the questionnaire survey, of the 162 questionnaires sent, 124 were returned (collection rate: 76.5%) ( Table 1) .
The responders were 87 males and 37 females aged 61.9 ± 8.5 (mean ± SD) followed up 4.3 ± 2.6 years after the surgery, of which 73.4% had received surgery on the dominant side. VAS score of current function (VAS function) was 5.7 ± 2.6, and VAS score of current pain (VAS pain) was 6.1 ± 2.7.
The analysis of the transition of VAS over 5 periods after the surgical repair of the rotator cuff (Table 2) showed that mean VAS function and VAS pain in the period from 6 months to 1 year after the surgery were 4.9 and 5.5, respectively, and mean VAS function and VAS pain in the period from 7 to 10 years after the surgery were 6.7 and 7.0, respectively, indicating a tendency of improvement in both parameters.
We made various group assignations of the 124 subjects based on gender, age, time from surgery, pain and activity level and performed comparisons between the groups (Table 3) .
For sex, there were significant differences in the satisfaction level and ball-throwing motion (p<0.05). For age divided at 60 years, there was a significant difference only in VAS pain (p<0.05).
For time from surgery divided at 4 years, there were significant differences in the VAS function, VAS pain, satisfaction level, washing hair, opening and closing of a sliding door, ball-throwing motion, hammering motion (p<0.05), lying on the painful side, washing the armpit on the non-operated side, reaching with a hand to above the head, and internal rotation (p<0.01).
Various activities were greatly influenced by the presence of pain and activity limitation. The presence of pain was significantly related with removing something from a jacket pocket, putting on a jacket, pouring tea with one hand, abduction, external rotation (p<0.05), VAS function, VAS pain, type of work, satisfaction level, washing hair, tying an apron, lying on the painful side, washing the armpit on the unoperated side, opening and closing of a sliding door, reaching with a hand to above the head, ball-throwing motion, hammering motion, lifting something to move it, flexion, and internal rotation (p<0.01).
For presence of activity limitation, there were significant differences in the type of work, removing something from a jacket pocket, putting on a jacket, pouring tea with one hand, flexion, abduction (p<0.05), VAS function, VAS pain, satisfaction level, washing hair, tying an apron, lying on the painful side, washing the armpit on the unoperated side, opening and closing of a sliding door, reaching with a hand to something above the head, ballthrowing motion, hammering motion, lifting something to move it, and internal rotation (p<0.01).
As for satisfaction levels of males and females after the surgical repair of rotator cuff tear (Table  4) , the number of subjects in the satisfactory group including very satisfied and satisfied subjects was 67 (54.0%), and that in the unsatisfactory group including uncertain or dissatisfied subjects was 22 (17.7%). The number of subjects in the group with good postoperative outcomes including the neutral group was 102 (82.3%). In addition, there were more males than females in the satisfactory group, while there were more females than males in the unsatisfactory group.
As for types of job or work of males and females in the satisfactory group and the unsatisfactory group (Table 5) , the majority of males and females in the satisfactory group had returned to their original work, but males in the unsatisfactory group had returned to their original work and those who could not do any work due to activity limitation were high, and the majority of females in the unsatisfactory group were engaged in housework.
Interviews and direct assessments of 15 subjects in the unsatisfactory group (Table 6) showed that the strengths of the shoulder muscles on the operated side were significantly lower than those on the unoperated side, and that relative muscle strengths on the operated side compared with those on the unoperated side were as follows: flexor muscles, 84.0%; extensor muscles, 87.3%; abduction muscles, 83.5%; external rotator muscles, 89.1%; and internal rotator muscle, 84.3%. Passive r a n g e s o f m o t i o n o f t h e s h o u l d e r i n t h e unsatisfactory group were as follows: flexion, 166.3 ± 16.9 degrees; extension, 38.7 ± 6.1 degrees; abduction, 156.3 ± 19.8 degrees; internal rotation, 74.3 ± 13.9 degrees; external rotation, 83.3 ± 10.5 degrees; horizontal abduction, 21.6 ± 5.6 degrees; and horizontal adduction 109.3 ± 11.3 degrees. These data show that mild limitations in the ranges of motion persisted in this group.
DISCUSSION
In patients with rotator cuff tear, clinical symptoms such as pain and difficulty in arm elevation are generally improved by appropriate surgical repair of the tendons and follow-up care. In this study, however, we focused on the patients who were dissatisfied with their postoperative outcomes, and had an impression that they could not adequately move their operated shoulder in their activities of daily living (ADL). Such a modest use of the affected limbs might be because the patients were accustomed to perform ADL with their unaffected upper limbs during the postoperative period when the affected limbs were immobilized in plaster or a brace, or because they felt pain and anxiety about recurrence of the tear when they used the affected limbs after the surgery. Once such patients learn that they can move their arms without much use of the rotator cuff, the rotator cuff function may gradually decline due to disuse. Since ADL are repeated every day, they cannot be ignored; they are important factors that may significantly burden the shoulder joint.
Hawkins et al. 15) have reported that most of the patients who received surgery for rotator cuff tear were satisfied with their outcomes despite their degraded functions of ADL and decreased range of motion. In contrast, even if a patient shows no symptom and apparently shows almost normal motion of the upper limbs, there is a risk of impairment in mechanisms related with motion of the shoulder such as the shoulder itself, shoulder complex, or trunk. In the unsatisfactory group, all of the ADL, muscle strength, and mobility were decreased, clearly indicating the necessity of a longterm postoperative approach.
In the present study, the outcome of surgical repair of rotator cuff tear was not much influenced by sex and age, but various activities were related with the time from the surgery, presence of pain, and activity level. Vastamaki 6) and Essman 7) stated that age and sex do not influence postoperative outcomes, which is supported by the results of the present study. Many researchers have reported satisfaction levels about functions after the surgical repair of the rotator cuff, but the level varies from 72% to 94%, suggesting that many clinical factors may be involved. Galatz et al. 16) reported that satisfaction level after the surgery is higher after 10 years than after 2 years, but that it is also important to consider the age of the patient, because the activity level decreases with aging. Romeo et al. 17) wrote that the outcomes in females who had received the surgery at an age of 66 or later tended to be poor. Given that the main daily activities of people aged 66 are not occupational but housework, it seems natural that 21.4% of the males and 45.6% of the females had pain in ADL (excluding pain in motions). The mean time from surgery was more than 4.3 years in the present study, and 25.6% of females had limitations in ADL, while the rate was 6.7% for males, and many females in the unsatisfactory group were housewives. Herberts 18) reported that the supraspinatus and infraspinatus muscles contract in activities using hand tools. However, in the present female unsatisfactory cases, the deltoid muscle and the remaining rotator cuff were weak, and they are not resilient to muscle atrophy by nature. Therefore, rehabilitation of housewives without employment should be done after surgery of rotator cuff tear, recognizing that the rehabilitation is likely to have a direct effect on their lifestyle. Aside from frequently carried out ADL, such as moving a hand to the mouth and toileting, the present study revealed the difficulty of combined activities. According to the difficulty order among ADLs presented by Tateno et al. 19) , washing the back, carrying something, and putting on and taking off a round neck shirt are ranked high, which shows that activities which require large motion of the shoulder tend to be difficult. Especially for patients who have undergone the surgery for rotator cuff tear, adduction and internal rotation positions may be difficult due to the postoperative stabilization position. Thus, it is advisable to aim at achieving activities such as washing the back and putting on and taking off clothes as early as possible.
Concerning the relation between type of work and satisfaction level, Matsuo 20) , stated that if the range of motion of the shoulder is 84% or lower at the time of discharge, the range of motion will not improve sufficiently after the discharge, and the function of the hand of the affected side will not be regained even if the muscle strength is recovered. Thus, even if the pain is relieved, and ADL become easier, with the limitation of range of motion, use of the upper limb may cause pain and inflammation again, and the limitation may be worsened. Since the ranges of motion were clearly limited in the unsatisfactory group, lifestyle guidance to actively improve the range of motion is important for patients with persisting contracture and lack of muscle strength. Concerning the muscle strength of patients who had received the surgical repair of rotator cuff tear, the present study shows that the muscle strength on the operated side was less than 90% of that on the unoperated side in the unsatisfactory group, which indicates that the damaged tendon does not function sufficiently even after the repair. Hersch et al. 21) reported mean external rotation and abduction of 95%, which were higher than the value obtained in the present study, but the present study was different from their study in that it includes only patients with complete rotator cuff tear. Thus, the type of rotator cuff tear influences postoperative muscle strengthening. An approximately 15% decline in shoulder muscle strength shown in present study should not cause serious troubles in the daily life, but general loss of muscle mass due to aging and the immobilization position of the plaster cast were considered to have impeded muscle strength recovery even several years after surgery, which might be the reason why combined activities were still difficult.
In recent years, minimal invasive surgery has also been recommended for the treatment of shoulder injuries, and procedures such as arthroscopic surgery are increasingly being used. Rehabilitation is being changed as well, and may be progressing toward an ideal rehabilitation to improve lifestyle. Considering the lifestyles of patients who have experienced surgery for rotator cuff injury, we should directly observe the activities of the patients with regard to the frequently carried out ADL, including washing the armpit on the unoperated side and reaching with a hand to something on a shelf above the head, as well as satisfaction level, range of motion, strength of the muscles around the s h o u l d e r , s e x , a n d l i v i n g a n d w o r k i n g environments.
